The compound 2-pyridinethiol, 1-oxide and its salts have been reported to have pronounced antibacterial and antifungal activity of a type that, were it a microbiological product, would cause it to be classed as a broad-spectrum antibiotic (5, 8) . This property is shared by a number of other cyclic thiohydroxamic acids, variously substituted, though some are much more active than others. The high potency of this grouping, and the diversity of microorganisms to which compounds containing it are inhibitory, suggest interference with some essential metabolic process.
Furthermore, certain antibiotics of comparable potency have been found to repress growth in some plant systems (1, 3, 4) . Accordingly, the activity of 2-pyrio0
dinethiol, 1-oxide (PTO) and derivatives was tested on plants in various ways.3 METHODS Most of the procedures followed are well established in practice and not critical in detail. Those found of greatest use in quantitative comparisons were (1) a modification of the bioassay method of Ready and Grant (7) whereby the repression of elongation of the primary root of cucumber seedlings, var.
Early Fortune, is determined at 250 C and 96 hours and (2) the determination of repression of weight increase in roots of young barley seedlings, var. Moore or Atlas 46, in aerated deep culture at 25°C for 6 days in the dark (2) . This is essentially a study of the effect of the test compound on the conversion of endosperm to roots.
RESULTS AND DISCUSSION Experimentation with these compounds has largely bee4 confined to root presentation studies because it was established initially that neither droplet application of 50 or 100 ,ugm PTO to a unifoliate leaf of a young bean plant nor 24-hour single leaf dipping ex-I Received July 3, 1956. organisms. The latter seemed unlikely in view of the antifungal and antibacterial activity of this compound. Known concentrations of PTO were added to soil samples (10 ml 1 x 10-2 M and downwards to 35 gm air dry soil), and incubated for various periods. The samples were transferred to a Waring blendor with 500 ml water and blended for 30 seconds. Aliquots were centrifuged and subjected to bioassay using the cucumber root elongation test (7). It had previously been established that PTO concentrations of 1 /Agm/ml could be readily determined. However, neither immediately nor after incubation was it found possible to elute from soil sufficient PTO to cause any significant repression of root elongation even though the initial quantity applied to the soil was as high as 14.9 ugm/35 gm soil. PTO, therefore, is quickly adsorbed and firmly retained by soil colloids. DTPO was found to behave similarly.
When added to soil, and presumably absorbed, PTO is not completely inactivated with respect to roots present in the soil, but substantially larger quantities have to be added to obtain the same degree of plant response as is elicited in quartz sand or vermiculite. Even in vermiculite, however, some adsorption appears to take place. In a comparative experiment, using beans in quart containers approximately the same extent of growth repression or dwarfing was obtained by the addition of 10 mg PTO to quartz, 40 mg to vermiculite, and 100 mg to soil.
From (2) demonstrated that 4-methoxy-6-methylbenzimidazole was an effective growth inhibitor of Tetrahymena gelii, a guanine-requiring protozoan, and also of developing embryos of the frog, Rana pipiens. By using peas as the test plant, Galston et al (1) found that benzimidazole was a metabolic antagonist of adenine and caused an inhibition of cell elongation. Recently Rebstock et al (4) demonstrated that several acid analogs of 2-mercaptobenzimidazole inhibited the growth of Cranberry bean plants and root formation of cucumber seeds.
In the present investigation the effect of chemical structure of a number of derivatives of 2-mercaptobenzimidazole on the growth inhibition of Cranberry bean plants and root development in cucumber seedlings was studied. Different chemical groups were substituted in the benzene ring of the benzimidazole nucleus and in the side chain. These compounds were synthesized in this laboratory and their preparation will be reported elsewhere.
MATERIALS AND METHODS Two methods of biological assay were employed for the evaluation of the inhibitory effects of the benzimidazole compounds upon the growth of plants.
One of the assays was the bean leaf test. Seeds of the bean plant (Phaseolus vulgaris var. Cranberry) were selected for uniformity of size and planted in four-inch pots in the greenhouse. After germination, all but the uniform seedlings were removed from each
